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Research on the Thermal Mixing Mechanism of Fluids in a Circular
T-Junction under Multi-Force Field Coupling Conditions
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Abstract: In response to the unclear thermal mixing mechanism between hot and cold fluids in the
circular T-junctions of marine power platforms and ship power devices, the large eddy simulation
method is employed to investigate fluid thermal mixing under high temperature and high pressure
conditions. This study examines different branch pipe arrangements with a working pressure of
10 MPa, an inlet fluid temperature difference of 275 K, and a swing Reynolds number of 41 500,
all under multi-force field coupling conditions. The proposed mixing coefficient is employed to
quantitatively assess the fluid mixing effect within the circular T-junction, while the root mean
square temperature is used to evaluate temperature fluctuations at the wall of the circular

T-junction, under different branch pipe configurations. The results reveal a temporal and spatial
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synergistic mechanism between the vortex structure and temperature field in the shear layer and
wake region. Notably, the vortex shedding frequency aligns closely with the temperature fluctuation
frequency at corresponding positions, with a shedding frequency of 19. 3 Hz. The additional inertial
force induces periodic changes in both the vortex structure and temperature field within the
circular T-junction, accelerating the fluid mixing process. This effect mitigates the thermal
stratification phenomenon caused by buoyancy and gravity, resulting in increased temperature
fluctuations in the fluid domain, with a characteristic length of approximately 10. 2D. Compared
to static conditions, mixing coefficients increase by 10. 8%, 18. 3%, and 27. 8% for branch pipes
arranged vertically upwards, horizontally, and vertically downwards under swing conditions,
respectively. The maximum peak of the root mean square temperature for T-junctions arranged
vertically downwards under swinging conditions reaches 0. 16, approximately double that of
stationary conditions. Therefore, when branch pipes are arranged vertically upwards, the thermal
mixing effect is optimal, and thermal stratification is minimized, making this arrangement preferable for
practical applications.

Keywords: circular T-junction; buoyancy; rolling motion; thermal mixing mechanism; large

eddy simulation
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Fig. 1 Schematic diagram of motion under ocean conditions
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Table 2 Verification parameters related to operating conditions
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VIVE F 345 . 35 U1 )23 9 5B Hh B0 50 588 1% 6 20 F I
B A5 . [RS8 I AE P 1S 5 L S8 3 X
BT W 10(a) ~ () 12(a) ~ () IR,

M KT A B S S b O 5 A
PEARAZ - 10 T 1 DY AR A 5 R 0 B gt Skt
S G P TR R S S B L an il 11 BOR L TE
t/T, =0~ 0.50 P, i#iE FEmEN B, Z
B0 1 0 1S e B B2 PN R A RO 5 = Bl E
Ii] B4 i % B4 it L B = IR A o B A AE < BhE
o] 45 BE K A TR A B , 8 L 1 7 P 0 S BRI AR S8 AR
FH B 58 BE 72 48 K T8 ¢/ T, = 1. 00 B L3 38 P iR 254

FREE S5 ¢/ T, = 0 BFZ2IM[F A ¢/ T, = 0.75 ~
1.00 38 38 £ 4 N I 4 81 5 J) 7 10 4% 3, 7E Bt




86 [N .

P

%59 %

IS T3 VR FI TR S8 5 3 64 D £% B0 5% 32 3 0k 53 5
AR 3 T DA B A MR B 3 i 1) < A T 1
g, FARZRR W] IR OE T S5 AR
JEE G AR A S ) 5 AR R AR A

B e
0 025 050 0.75 1.00

qp@@@@@@@

x/D=-1~1

()t/T,=0

B e |
0 025 050 0.75 1.00

peecceec

x/D=-1~7
S /D=0

B NS RRINY 2

(b)t/T,=0.25

B e
0 025 050 0.75 1.00

QPQQQOGGQ

X/D=-1~17
y/D=0

WH P

(e)t/T,=0.50

B e
0 025 050 0.75 1.00

QPQQQQQQQ

x/D=-1~17
y/D=0

WAL K s
(dt/T,=0.75
T4 2-R B T B[54 58 38 P % 495 4 R B2
i

Fig. 11 Instantaneous distribution of vortex structure and

Pl 11 Gy Ik ik

temperature field in a circular T-junction for Case 2-R

zkxb. xjtu. edu. cn

B N
0 025 050 075 1.00

(a)t/T,=0

[
0 025 050 0.75 1.00

40990000

WA Ky

(b)t/T,=0.25

.
0 025 050 0.75 1.00
T*

I z/D=0

1557

(c)t/T,=0.50

B e |
0 025 050 075 1.00

YRE ]

(dDt/T,=0.75
Bl 12 T 3-R AT %9 (545 38 8 P IR 45 48 f iR
i

Fig. 12 Instantaneous distribution of vortex structure and

Gy Wk it

temperature field in a circular T-junction for Case 3-R

2.3 MERBEEAERERSESH

3PS EIAT T Wi A g oL an e 13
IR KB 13 Ca) AT A& BL, 0k 26 00 R i T i
PORG R A TE Mirim (. o/D=1~4
R E T st B R E A /D =5 ~ 19

W OARE B TRE. T RRETE 0. 8 ML/ FE 8%




ETRg AR A 2 I ARG SRR T RS T TE 9 U AP S ML BT Y 87

PEN e/ T, = 0B T WUk ) SE 36 K500, Bl 5 7
N =R AN | A AR R A S S X N3 K A
x/D = 3 LB AL, 5 AR R 20 3 T P R T R I A
B AR R AT AL T /D = 14 (7 B AL BEHE
TR HE RS Fh T o i FAT 1 O % 2 00 0 {1 3% 945 1)
W sh,e/T. = 0.25,0.5,0.75 F 1 W43 5] 67 F
/D A 6.9.12 1 14 {3 & A4k [RIEF A 0 L 1] T 3%
Bsh.e/T. }0.25 M 0.5 B F «/D R 17 A1 19;
/T, = 0.75 B, @ il A A AR 7E 2/D
= 2R FEHIE I —A T W E, X5 R B TB il — A8
o Tk W AT O 4k S 1) N U R I VR AR ¢/ T, = 1
BF B T WA 33 o/ D = 4 (i 8 AL . 7T LUK
B AR 20N A P 7 A 22 10D ~ 11D,

MEL 13 (b) /] DL & B, # 0E 55 10 5 S8 KF A
B T W R R RSN 3B 2/D R
1~ 4 WL AR RIREREL, T B K, X & T
o A T P AR A T 2 3 5 E /D R 5 ~ 10
WL R GRS, T, 76 0.78 B &AMk
B /DR 11~ 19 WL RO S TRE . T.
FEARBFEARE IR 0/ T, = 08F, T Wit )
FEAEPIA AR, 22 A7 N 43 500 T /D = 4 Fi 14,
SHE b e e 1 5 LT A A 5 AR X R B % 8 T
PEER AW T, W AE % W £ R R o, 7E
t/T, = 0,750 AN T, BAENK E /D=2 8
ARTE BT T WA,

ML 13Ce) A DL & 3, i 1k 45 78 T S8 % o n)
SATE R, BT SE R AR A RS Wy
5 A%, 75 28 A AN TR TR B 2 8 WAL T
fEx/DR1~2NB/NTE2/D K2 ~3N,LER
R4k L v AT RS . A AR AR R 2 R
T B KR IE /D R 3 ~19 W, T EALREE
FEO. T8 NS, FEFRAESAET . T WU a] 53 A R B

0 b A
1T=0

] 01=025
117,=0.50
17=0.75
1T=1.00

0.85

0.80 Y

0.75

L]
0 2 4 6 8 10 12 14 16 18 20

x+D"
() T 1 FLH 1-R

zkxb. xjtu. edu. cn

[ ke
1T=0
[ 4T,=0.25
1T=0.50
1T=0.75
1T=1.00

0.85
0.80
0.75
0.70
0 2 4 6 8 10 12 14 16 18 20
x*D"
(b) T 2 M TN 2-R
1 ks
1T=0
] 41025
1T.=0.50
11075
1T:=1.00
0.90
0.85
. 080 g
58 o3
0.75 )
//"
070f
/
0‘65 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20

x-D"
(o) L 3 FLAL 3-R
B 13 3FZEMEIBRT T Uy ) 45 A 17 ol
Fig. 13 Distribution of average spatial temperature along the
flow direction under three different branch pipe

arrangements at different moments

FEAE WG WAL, T U6 {8 B 5 6 R0 4 S L W) 20 1) T Ui %
By, A [ I 220 T 7 04 A 457 A 228 10D,

ABIE 5 32 4 RS AR IR A S 0 A e 2
0,23 m/s FREETAN 2 s IRA 5 WA TE— A
WIS IR B 24 10. 2D, 5 W5 W 2 18] (%) B 25 A
N, ARG RERY] L ERBERMT S AR E N
R G R IORBE W A R I 1 R R
P B e s 1) B JR) I 1 i Bl o A, B IR G
S AR R 5 R A R Y SR AR,

2.4 REHREEREHFHENE

3 Fh SN R A O 2R, T R R A W R
il 2/D=—1~7.y/D=0%Hz/D=0 [k E
Gior A 14 s S8 B ) AR E L BT
] 5 SV TR A S ) AR [R] S 0 v A B U B0
e o) 3 A8 PAIAT A 1% oo 8 5 s Ve AR A4 1 TR
GBI O PRRFELE /D=0~ 3 Nk
GIE R W R g 2 B 4, JF 1T IAL [ 38 T 55 L AR




88 W % oz M

PN

%59 %

x/D =4 ~ 7 NIE AR E s 2, K 14 Fr
IRGREAMET T A AR N R AR
TE S W 1) ) B R v () R RUBE i 1T 5 e 1R 3 3
A 1R A0 23 1] B B9 AR Ak el T AR IR A
AR FEAET /D=0~ 1R, HIRAEETFIHER
A3 A A LR LR S5 R AT an s 14(b) IR .
KA B SOE S AR A S E
Dy AR, HE B RARS 91 2 e 7 ) B O 4
o FEAE = FhOE 1 b RE TR L E 8 T8 R S L
R A B A 2, B RS
PRGN A T = G N s L O PR e R e A D A i -3
ARG, E 140 fin, FBEERET B LR
JEE S5 (B 2R 00 5 ) 1 4R 3 1 B0 42 ot R Tk PN v ARG IR
DX 38 58 5+ R ) B R 0k 55 L R I B AR IS s TR
PRAE R JE 5 1) B3R . i 14 (D iR, &
FL0) R AR, 50 5 S AR A 5 1) A
B2 AN T V8 A 3 B R AR Y ot L R RE Al 4
A U S RE L 7R E B B R BRI A .
T2 A O O o =t S 0 || W T A T 14<e>ﬁﬁ
INo TEESMR Z M S H s, B AR
FEHEA A G 0 FS R B S {Ammuﬁxmz&%/*i*

5 R 2 B T 1) S 0 AP 1A (D B

I | | .
0 025 050 0.75 1.00

=1~ ID=-1~7
6AD~AAAAA .6,»,% 2000 A

)LI Sk y/D=0 J_ll y/ID=0
! 2/D=0 ! 2/D=0
(a) L1 (b TH 1-R
ﬁ((ﬂ"! Q;(Hfrrr
x/D==1~7 x/D=-1~7
SRR ,v/D =0 A )/D =0
<c)T(R2 (d)T/ﬁiZR
AtAAASS . A.AAA" ~
LA A4 A A A A-AVAVAS
x/D=—1~17 x/D=-1~7
SCEHEIT y/I)O SCEEN yID=0
. = )) 4
iG> \ q —
2/D=0 2/D=0
(e) L. 3 (H T 3-R

B 14 ORIRACH T BY 8] 4 56 G0 O 2408 58 3 43 A
Fig. 14 Time averaged temperature distribution in a circular

T-junction under different operating conditions

zkxb. xjtu. edu. cn

XF Ll AN ) T 50 T ik BE 3 A & 3R, A2 5 ) R ot
1B A E AR IR A AN T A IR R
STV R S A B G 2 B4 BRI A5 g B e TR
WIRA S 2 A, B2, B 58RI
AR NS5 T i) F AR XA S T 25 3 T PN I A R A
JEAR P [7] B A AR B At 1 Sk G A B 2 1 )
SRR, N i T 3O AN A 8 Oy U E Oy R
FE I RIS O 22 0 R A5 1 (R T P AR
WAERL . 2 URAFRB K

T
Trmax

K Tl K Toe IEHRKAE & 2/D = 0 #H F 1}
PR BE A AR B ¥ MR TR A R A K R AE R T -
TR A 4 200 AR VK A6 0 ~ 1 ARk, K i
1, RORREE SR S) B BRI RS
&l 15 A [a] 00 8 18 TR & R 20 K Wi 1)
284 AT DLR B FE Ak 25 F R (UL 15 Hha
L), T 1K KTEx/D =0~ 3N 0.56 %
KEF] 0. 82, I BE 43 A1 3 50 M 32 W 14 K, Bl s 1 O 1)
FasE A5 AE 0.83 AAE; T 2 T 3 1F «/D =
0~ 4 i, K 43 BI7E 0. 53 ~ 0.69 F10.41 ~ 0.69
TR B S AR 0.7 B RS, T 1 Y K 8
B TH 2.3 K. BA R IR A RO . FIE, 76
x/D=0~40, TH 2/ K HTH3BKIRERK
FAGU s AF /D > AW, T8 2 FT0 3 (0 K HEA—
HARGRORA IR . Sk UL, Bk AT, S
L) A R S PV B AR TR A SR B TR
JE AT B 5] A IR IS B 5 L S KT A BRI
Z L E R E W N A BRI R R R

1.0p

K=1— (23)

0.9F

!
!
0.8F /
H
/
J

e
0.6

0.5F"

0.4
0

B 15 A TH TIRE

ALK W oA

Fig. 15 Distribution of mixing coefficient K along the

flow direction under different conditions

TEREEAMT LA 15 EPJE%%) THI-RHK
TE /D = 0 ~ 1 B 0. 6 BB IR 0. 86, FE )5 7E




%1 AR A 2 I ARG SRR T RS T TE 9 U AP S ML BT Y 89

x/D =1~ 5B AKEF 0. 94, I 4 TR FEA
A R T 1A TA 1R K R 3182 5 i 3
WK T A N IR Y A HI a8 T IR R A
[vi] B b, 8 R T AR TR A 3 B R e R A Y B L TR
e, T 2-R M T8 3-R 89 K AHEL - &1 F A
B E T AR PGR Ak B R RS 0 B R Bl
WK AE 2/D = 8 BB E S B H ) b KOF
B R A E LK OTE R U 4 0 R E TE 0. 94,
0.85 0. 91, 4 L i 1L 5 TR E SR K A R T
10.8%,18. 3% Fl1 27. 8%, X FH, W 10 i &
B FR 4352 Bl 5 | R 1 5 e i /)N, SO KA B R IR Z
SN [ N TR W i DB ar N 5. 3 P s P al = - = N O e
B F 5 ) RN ARG 5 1) AH TR XV I AR B
VBT DA B R AR T, AT 58 T 3% 4252 3 51 i
18 BRE A 1 7 B9 VR T 5 S8 % B ) T A, B )
EESIRES /RN WA R i< DA | R N i B 1 K
P s DT B 05 T 4 1 FH R G 3
2.5 BEWEEEHFHSFEMRNEYE

T 0 (5] 75738 T P AR ) T g e s Y Ak A [
AR PRI B 3 1 43 )2 N Bl L 3 T | 4 S RE T Y
PO 57 R0, S AE TSR 0 245 P RE TV R R
) JR I Ry 4k 1T, DA S R ) AR R, L
2 A8 P BE T A AL LR S A PN RE T ARE R TR DY AR B O,
W B JE Jr AR A an i 16 B

+180°

B 16 A N RETH A RN R O m AR 4k
Fig. 16 Angle variation along the circumferential direction

on the inner wall surface of the main pipe

AT BN /D =—1~7
PN 23 B 3 A AR 17 s o Rl Bk B, A2 0
PR 58 iR RO R, 24 BE T i R A7 A W2 A9 o
RS T 1M Z 38 R AR B B bl .o/ D
= 1.0, == 180° {i ' Ab I B2 Fe i . o il X I g i 5C
R TR SERL R O AR S R H R R R O IR

Wi J Y I 1) 2 AL A T UV (B O 1) O P
I3 IR 17 () R, T 2 B4 I6 X 3 3 B A7 7E
Fa/D>0,0.=—180"~ 0" N, X M EEUT = Wy
) IE 2B, 0. = 0° ~ 180° PN i il IX B 285 % 4%
PR 1) R 3 S R 04 TR) s 18 O 1) AR 3 L R
JE AR E 2 S P IR AR A A, B 17 (o) PR, T 3 1
R Pk X e = AR R AE 0. =— 90° ~ 90° N, 1 8 A
RAETIE & iR XSS S DR 2 AR X
BHL 4 32 347 1) N B J&8 L 7E /D = 2.0, =+ 135° fii &
Qb AR AR E L B S WY T I AR E R R, A 17 (e
FTR

TERRARSAE T S 2 B st vk 77 5 e, T2 1-R~
T 3-R 0, A REH R 3 )2 S BRI E A
ST [ Ao S 3 11 BF ST 8 I DX 309 AR s R
T R R T R R R 1) A AR XS X 5] i 17 (b
17CA)F 17CH FFR .

|l N |

0 025 050 075 1.00
Tt

180 180
~ 9% : ~ 9
= 0 = o0
S _90 90
-180 -180
-1 0 1 2 3 4 5 6 7 -1 0 1 2 3 4 5 6 7
xe D’ xe+ D'
()T 1 (b TH 1-R
180
~ 9% ~ 9

< 0
o

= 0

90 = 90 ‘
OO 2 3 4 5 6 7 O 2 3 4 s 6 7
xD" x+D"
()T 2 (D LH 2-R
180 180
~ 90 ~ 9%
S I S
=99 = -90

-180

BT 2 03 4 5 6 7

-1 01 2 3 4 5 6 7
x*D"' x+D"
(e) T.4% 3 (O T8 3-R

zkxb. xjtu. edu. cn

B17 AT T O0TF F2 48 P B 11 24 B2 20 A
Fig. 17 Average temperature distribution of main inner wall

under different conditions

ANTR] T T 45 P BE 1] 35 5 AR T BE 43 A n 5] 18
Bk MWl A&, T80 1 A3 5 AR IR ¥ 5 5245
TE ST H O BE /D = 0 ~ 1.0, =— 45° ~ 45°,
HEERMANSERAL FES, ULWM ~/D =
0~ 1.0. =—180°~ 90° f1 0. = 90° ~ 180° N L&
Y A JE S o BE TR SRS, AR 18Ca) TR LT
FH R, o0 2 1 35 J7 MR R B 3 A b o A 7
x/D =0~ 1.0, =—180° ~ 0° X I /N . 5 F- 1 i
() 43 A A R B L TRV SE L 7 0, = 0° ~ 45° F1 0, = 135° ~




90 [N .

%559 %

PN

180° PNIE J i 189 ) 5 1vi) % 3 1) 6 Al ik B2 38k 5y, 1
18(e) izm, T 3 S #E H R /D =— 1 ~ 0.0,
=—45° ~ 45° XIS A7 AE B S ) I R U B, X R
KER WA EE LS AR KRG 1R
) AE S HEC S M 0, =—135° ~ 135° N, B4 7 AR ii
JEE VT Uit [ A O 2 L B S FE /D > 2,
0. =—135° ~—90° Fll 0, = 90° ~ 135° N AR
FaE . WE 18 FrR.

TERRAB AT 2 BHAEHE Ty i s e, TG 1-R~
ToBE 3-R BB 2 5 AR L RE 1 /N RN 43 A 3 B 3
NI O IR -3 | o 3 € SRR U o8 = 93t B v e
PR BNEEA B JE J7 ) L & 18(h) (18(d) Fi 18(D)
FTR

-180

10 1 2 3 45 6 7
xD" x+D"
(a) T4 1 (b T.# 1-R
180
~ 90 B%
ol .
= _90 ‘
SO 2 3
xD'
(D TH 2-R
180
90 =t
R~
= _90
SO 2 3 4 5 6 7
xeD' xD"'
(e) ILH 3 (HITH 3-R

AN TR TR J2 48 A BE T Y 5 AR R 3 A

18

Fig. 18 Root mean square temperature distribution of the

inner wall surface of the main pipeline under different

conditions

ANTR] T T 32 98 PO BE T 2 05 AR I R VR O 1) )
SR AE 19 Fras . 35 PN RE XY 7 AR R BE TR U
7] 5S4 R /0N B A AR A R A 5 I AR A AL (8 5K
B A BTN . X R B I R Uk 2l R O AR Sk A% i )
(] Ak ) 3 R v R AR R A e, X R B,
kTS GO 19 TSRO AF S TR ), T 1~3
PN E4 7 AR R B A 43 A T /D = 0, — 0.1, — 0.2
DB AL, 435K 0. 08,0, 08 Fl 0. 09, ¥RAELEMT
A 19 a5 R) . TR 1-R M TR 2-R
PR 38 R R 0 {1 A7 RN R /N e Ok A R AR ]
R 7 A 37 1) 057 B AL M LB AR SR TR A TR, T

zkxb. xjtu. edu. cn

B 3-R A M R WA A B S T 3 A IR,
WRE 0,16, 24 EFIE THM 2 £5. RN, ¥05 R
BEAE /D =—1~2Mx/D =3~ 10 NEEH
K, FRWISCAE B H 1) N A6 B, B8 g X 3 4 RE
T 359 5 Sk B ) 5 ) e K

—=— T == T I-R

0.20p —— L2 - LH2-R
N A —— LH3 LH3-R
0060 ¢ 1N\ 015 :
(R b
L0200
. a [ .
& ri 006
0.08H H | -
i 0.03—
(| Z06-04-02 0 02 04 06
0.04 b 1| B

19 NIE D00 3248 P RE T 14 J7 AR I BE R 1] 43 A
Fig. 19 Maximum root mean square temperature of
the inner wall surface of the main pipe along

the flow direction under different conditions

Xt AR T A0 T A (6] A8 38 1 ] 4K dak 14 S 22
i J3E 18 75 MR AL BE A S WL A S B i R A S
e S A8 I8 L 1) A ol O SO R LI T A L D
v /b TR [ A T T RE TR A Y A 0 R O AR R
Wip A A T A 5 2R 3008 XU

3 %45

ARSCHEST T RAEAME T T B[R A 5 1 A
PR A BB AT A, X B ARL AT TR UE . R B
RREARL 30 o el AR S A A Oy 5 6 R R R R T
71 HE I PE ) £ 01 A i T AL (R A 8 A
W RBOR A LI HEAT /0. G5 SRR, 35 UIE N
BT 5 TR S A7 A st ) 23 (] 64 B ) AL 769 A
TH SRR B Tk 2h 4 R A [ 7 4 % R 19. 3 Haz.
FEVETE R E i B2, T R [ A5 G P I IR R
RAEANTE, KAEWEA)E . BE3E 35w
WU F (45 T A9 5 45 3 38 P 7= A R M v G K
JRUBE I8 AT 3 T 0 3k 32 4 7 B[] R s ) b A
b, TR I 30 i BE 2958 10. 2D il T i AR SR
G HIFEH RIS . FHIRE REOTN T AR L
A E ST T R[4 8 T P IR Y BRSO
R ) b KON B AR SR KRR S
WFaEAE 0. 94,0, 85 F1 0. 91, AH L& IR & 14 F . &
SEJE K A9 R T 10.8%,18. 3% Fl 27. 8%, #)
AR BN T AR S8 A & 70 T AR
I RERERE N S, AT SO R )




%1 AR A 2 I ARG SRR T RS T TE 9 U AP S ML BT Y 91

ERIKT A B X R U U A R RN R

AT AR ] L S48 B T T A R O AR IR e
ﬁﬁ'ﬁ%ﬂ:ﬂ#?*ﬁlﬁl,ﬁﬁ 0.16, 29 K # 1k T80
W25, ZMESHIERV], S EH N LA ER, T
TR 5 65 3 T PN O A PR B RO R g I R I 4
85, UL, 7852 bR R B, O BEAIG T 78[5 A5 3 1A FA
9% 55 P 403 LS, , 7 A SE e R S A L ) A

S E K.

[1] LEE K H, KIM M G, LEE J I, et al. Recent ad-
vances in ocean nuclear power plants [ J]. Energies,
2015, 8(10): 11470-11492.

(2] #igB;. WHEENNFERBEIIREGE [J] MR L
. 2019, 411D : 5-10
DONG Haifang. A summary of research on the devel-
opment of marine nuclear power platform [J]. Ship
Engineering, 2019, 41(11): 5-10

(3] Z=Xk, Bk, B3 WA T T WS A b EIE 345
Br [J]. MR EE TR RS2, 2017, 38(1) .« 94-100.
LI Hui, ZHAO Lin, MAO Ying. Analysis of six-de-
gree-of-freedom motion in submarines under sea dis-
turbance [ J]. Journal of Harbin Engineering Universi-
tys 2017, 38(1): 94-100.

[4] WAKAMATSU M, NEI H, HASHIGUCHI K. At-
tenuation of temperature fluctuations in thermal stri-
ping [J]. Journal of Nuclear Science and Technology,
1995, 32(8): 752-762.

[5] Institute for Energy and Transport. Development of a
European procedure for assessment of high cycle ther-
mal fatigue in light water reactors: final report of the
NESC-thermal fatigue project [ EB/OLJ. (2014-09-
12)[2024-05-22]. https://op. europa. eu/en/publica-
tion-detail/-/publication/{74e08dd-b6{1-45ec-b985-a37
8067f16af/language-en.

[6] SELVAM P K, KULENOVIC R, LAURIEN E.
Large eddy simulation on thermal mixing of fluids in a
T-junction with conjugate heat transfer [ J]. Nuclear
Engineering and Design, 2015, 284 . 238-246.

[7] SELVAM P K, KULENOVIC R, LAURIEN E. Ex-
perimental and numerical analyses on the effect of in-
creasing inflow temperatures on the flow mixing be-
havior in a T-junction [J]. International Journal of
Heat and Fluid Flow, 2016, 61(Part B): 323-342.

[8] EVRIM C, LAURIEN E. Numerical study of thermal
mixing mechanisms in T-junctions [J]. Applied Ther-
mal Engineering, 2021, 183(Part 1): 116155.

[9] EVRIM C, LAURIEN E. Effect of the Reynolds and

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

zkxb. xjtu. edu. cn

Richardson numbers on thermal mixing characteristics
[J]. International Journal of Heat and Mass Transfer,
2021, 169: 120917,

BRI, T8, fede. SRRSO T AR 1 2 AL A
FRrER e orbr (I, B3 ) TR, 2010, 31(6): 70-74.
YAN Binghuo, YU Lei, YANG Yanhua. Mathemati-
cal analysis of heat transfer characteristics of laminar
flow in a rectangular channel in rolling motion []].
Nuclear Power Engineering. 2010, 31(6): 70-74.
WANG Chang, WANG Shaowu, WANG Hao, et al.
Investigation of flow pulsation characteristic in single-
phase forced circulation under rolling motion [J]. An-
nals of Nuclear Energy, 2014, 64. 50-56.

WANG Chang, LI Xiaohui, WANG Hao, et al. Ex-
perimental study on single-phase heat transfer of natu-
ral circulation in circular pipe under rolling motion con-
dition [J]. Nuclear Engineering and Design, 2014,
273 497-504.

CHEN Chong, WU Wei, LI Liangcai, et al. Heat
transfer characteristics of oscillating flow in a narrow
channel under rolling motion [J]. Annals of Nuclear
Energy. 2017, 110 668-678.

SU Bo, ZHU Ziliang, WANG Xiaoyu, et al. Effect of
temperature difference on the thermal mixing phenom-
enon in a T-junction under inflow pulsation [J]. Nu-
clear Engineering and Design, 2020, 363: 110611.

SU Bo, ZHU Ziliang, KE Hanbing, et al. Large eddy
simulation of flow and mixing characteristics in a T-
junction under inflow pulsation [J]. Applied Thermal
Engineering. 2020, 181; 115924,

SU Bo, HUANG Kexin, LIN Mei, et al. Experimental
investigation on the flow patterns in a T-junction under
steady and rolling motion conditions using PLIF [J].
Chemical Engineering Journal, 2023, 465:. 142772.
ADDAD Y, GAITONDE U, LAURENCE D, et al.
Optimal unstructured meshing for large eddy simula-
tions [M]//MEYERS J, GEURTS B J, SAGAUT P.
Quality and Reliability of Large-Eddy Simulations.
Dordrecht, Netherlands: Springer Netherlands, 2008
93-103.

NICOUD F, DUCROS F. Subgrid-scale stress modelling
based on the square of the velocity gradient tensor [ J].
Flow Turbulence and Combustion, 1999, 62 (3):
183-200.

TAN Sichao, SU G H, GAO Puzhen. Experimental
and theoretical study on single-phase natural circula-
tion flow and heat transfer under rolling motion condi-

tion [J]. Applied Thermal Engineering, 2009, 29(14/




92 [ T I N 4 o559 %
15): 3160-3168. mixing of hot and cold fluids in the T-junction under

[20] 2R, AR T B W s G I e T 98 (D], MR rolling motion condition [J]. Nuclear Engineering and
T W RIE LAY, 2014 40-64. Design, 2023, 403: 112126.

[21] E 5. 122 30T % 500K 0 80 8l L 1% #Re HE [25] XA, Liutex-E XA =AW RH Ok (1], =
¢ [D]. MR M/RE TR K, 2013 36-70. KN 1%, 2020, 38(3) . 413-431.

[22] NIST. Thermophysical properties of fluid systems LIU Chaoqun. Liutex-third generation of vortex defini-
[EB/OL]. [2024-05-227]. https://webbook. nist. gov/ tion and identification methods [J]. Acta Aerodynami-
chemistry/fluid/. ca Sinica, 2020, 38(3): 413-431.

[23] WANG Biaoxin, SU Bo, ZHENG Wei, et al. Experi- [25] KICKHOFEL J, VALORI V, PRASSER H M. Tur-
mental study on flow rate and pressure drop character- bulent penetration in T-junction branch lines with leak-
istics in T-junction pipes under rolling conditions [J]. age flow [J]. Nuclear Engineering and Design, 2014,
Physics of Fluids, 2024, 36(4): 045111. 276 43-53.

[24] SU Bo, LIN Mei, WANG Qiuwang. Study on the flow (Ul BHFH)

L2 2 02 02 02 02 02 (2 (2 (2 (2 (2 (2 G2 G2 (2 (2 (2 (2 (2 (2 ) ) () G 0 0 0 () € G G2 02 02 02 02 0 2 (2 (2 (2 (2 (2 ) (2 (2 (2 (2 (L

CEHEER 77 5O

[17]

(18]

[19]

[20]

[21]

[22]

TIAN Xiaoyan, TIAN Wenxi, ZHU Dahuan, et al.
Flow instability analysis of supercritical water-cooled
reactor CSR1000 based on frequency domain [JJ.
Atomic Energy Science and Technology, 2013, 47(3):
402-408.

BEZ 7L, RO, B m SR AT R B8R0 R E T I AT Ak A
B4 L] B3 TR, 2009, 30(5): 35-39.

XUE Aijun. CHENG Xu. Stability analysis of a sim-
plified model of supercritical water-cooled system [] J.
Nuclear Power Engineering, 2009, 30(5): 35-39.
LIANG Qian, LI Xiaowei, SU Yang, et al. Frequency
domain analysis of two-phase flow instabilities in a heli-
cal tube once through steam generator for HTGR [] ].
Applied Thermal Engineering, 2020, 168. 114839.
AL T LB TR A YRR AR A AR E A 1 S 8 B
SEAEH (D] v5% . PYEACH R, 1988,

BI Lingfeng, ZHANG Xirong, LI Weiteng, et al. An
improved frequency-domain model for the supercritical
flow instability analysis in vertical tubes [J]. Annals of
Nuclear Energy, 2023, 194. 110114.

ZHAO Jiyun. Stability analysis of supercritical water
cooled reactors [ D]. Cambridge, MA, USA: Massa-
chusetts Institute of Technology, 2005.

L R I S A T e e N ) 3 B AN R E R

W5E (D] V9% . VY258 RE: . 2023,

(23] E3Ci, mhEkE, BaA, 55 WTilhFE S XARR R
B KW BEIG A A0 % B R o gE (1], b H L

[24]

[26]

zkxb. xjtu. edu. cn

TR, 2018, 38(10): 3015-3021.

WANG Wenyu, QU Mofeng, ZHAO Yunjie, et al.
Experimental investigation on critical heat flux of smooth
water wall tube with low mass flux at near-critical pres-
sures [J]. Proceedings of the CSEE, 2018, 38(10):
3015-3021.

LONG Jianping. YANG Baowen, ZHANG Bin. et al.
Computational case study on upward two-phase flow in
vertical circular pipe based on CFD approach: multidi-
mensional flow instabilities investigation [ J]. Progress
in Nuclear Energy, 2022, 144. 104085.

SHIN C W, NO H C. Experimental study for pressure
drop and flow instability of two-phase flow in the
PCHE-type steam generator for SMRs [J]. Nuclear
Engineering and Design, 2017, 318. 109-118.
CUI Fulong, HONG Fangjun, LI Chen, et al. Two-
phase flow instability in distributed jet array impinge-
ment boiling on pin-fin structured surface and its affect-
ing factors [J]. International Journal of Heat and Mass

Transfer, 2019, 143: 118495,
(i T3 48)






